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Abstract
The present study reports the development and evaluation
of a hemi-nested polymerase chain reaction (hnPCR) assay
for the efficient detection of ‘Candidatus Liberibacter’ infect-
ing citrus plants. A set of new primers was designed by
alignment of nucleotide sequences of the -operon (rplKAJL-
rpoBC) ribosomal protein genes from all the known ‘Candi-
datus Liberibacter asiaticus’ isolates reported in Genbank.
Hemi-nested PCR reaction components and thermal cycling
parameters were optimized and reaction conditions were
standardized. Sequencing of the PCR products from hemi
nested-PCR reactions confirmed the specificity of new primer
pairs for ‘Candidatus Liberibacter asiaticus’. The reliability
and sensitivity of hnPCR was evaluated by comparing it to
real-time PCR.
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Introduction
Huanglongbing (HLB) disease is a serious threat to citrus
production and continues to invade new citrus-growing
areas (Bové 2006). The causative agent of this disease is a
phloem-restricted, fastidious, Gram-negative bacterium of
the genus ‘Candidatus Liberibacter’ (Ca. Liberibacter), placed
in the -Proteobacteria subdivision (Jagoueix et al. 1994).
This pathogen has been reported from Asia (‘Ca. L. asiaticus’),
Africa (‘Ca. L. africanus’) and the American continents (‘Ca.
L. americanus’ and ‘Ca. L. asiaticus). Symptoms of this
disease are development of yellow shoots, bearing a few
small-sized, deformed and poorly coloured fruits with
greening appearance (Bové 2006). Further blotchy mottle
of leaves, that leads to the development of yellow shoots;
tree stunting and declining are also observed. It is also
reported that ‘Ca. Liberibacter’ affects roots of citrus plants
which in turn start decaying from the rootlets (Graça da
1991).
Transmission of ‘Ca. Liberibacter’ is mainly through in-
fected budwood and vectors (psyllid), which can be man-
aged by the propagation of clean nursery stock and vector
control. However, trees in commercial citrus groves and
private yards need to be tested regularly by a sensitive and
reliable technique, so that infected trees can be removed to
prevent further spread of the disease (Urasaki et al. 2008).
Various methods such as electron microscopy (Catling et al.
1978), dot-blot hybridization (Varma et al. 1993), poly-
merase chain reaction (Jagoueix et al. 1996, Hocquellet et
al. 1999, Fujikawa & Iwanami 2012), direct PCR from the
mid-rib extract (Fujikawa et al. 2013), nested PCR (Ding et
al. 2005), long PCR (Hoy et al. 2001), duplex conventional
PCR (Donnua et al. 2012), reverse transcription-duplex-
PCR (Adkar-Purushothama et al. 2010), real-time PCR (Li et
al. 2006, Pietersen et al. 2010, Morgan et al. 2012), and
cycleave isothermal and chimeric primer-initiated amplifi-
cation of nucleic acids (Cycleave ICAN; Urasaki et al. 2008)
have been developed for the diagnosis of this phytopatho-
genic bacterium. Currently, because of the increased sen-
sitivity, reproducibility and the reduced risk of carry-over
contamination, real-time PCR (qPCR) has gained popularity
over conventional PCR and other molecular based detection
techniques (Mackay et al. 2002, Loconsole et al. 2010).
In these circumstances, a specific and cost-effective alter-
native technique will be helpful for routine diagnosis and
management of HLB. In this regard, hemi-nested PCR
(hnPCR) described in the present study could be a useful
alternative technique for the detection of ‘Ca. Liberibacter
asiaticus’, for screening purposes and also for selecting
healthy plant material for propagation.
Materials and methods
Plant sample and total nucleic acid extraction
Leaf samples were collected from trees of sweet orange
(Citrus sinensis), mandarin (C. reticulate), key lime (C. au-
rantifolia), lemon (C. × limon) pomelo (C. maxima) and
citron (C. decumana) exhibiting HLB symptoms (30) and
asymptomatic (85) from citrus orchards in India (Table 1).
Total nucleic acid was extracted as described previously
(Adkar-Purushothama et al. 2010).
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Table 1: Comparative results between conventional PCR, hnPCR and real-time PCR for the presence of ‘Ca. L. asiaticus’ in both
disease symptomatic and asymptomatic citrus varieties: sweet orange (C. sinensis), mandarin (C. reticulate), key lime (C. auran-
tifolia), lemon (C. × limon), pomelo (C. maxima) and citron (C. decumana).
Place of collec-
tion/Sample ID
Disease 
symptom
Conven-
tional PCR
hnPCR Real-time 
PCR
Ct value*
Place of collec-
tion/SampleID
Disease 
symptom
Conven-
tional PCR
hnPCR Real-time 
PCR
Ct value*
Sweet orange trees (C. sinensis) Lime trees (C. aurantifolia)
Ammati-1 – – + 35.22 Ammati-1 – – – 0
Ammati-2 – – – 0 Ammati-2 – – – 0
Ammati-3 + + + 25.01 Chikmagalur-1 – + + 29.53
Chikmagalur-1 + + + 24.05 Chikmagalur-2 + + + 26.94
Chikmagalur-2 + + + 24.95 Hassan-1 – – – 37.64
Hassan-1 – – – 39.05 Hassan-2 – – + 35.68
Hassan-2 + + + 25.48 Hassan-3 – – + 33.56
Gonikoppal-1 – + + 30.22 Hassan-4 + + + 26.79
Gonikoppal-2 + + + 24.76 Gonikoppal-1 – – + 34.37
Polibetta-1 – – + 34.01 Gonikoppal-2 – – – 38.03
Polibetta-2 – + + 30.23 Polibetta-1 – + + 35.02
Polibetta-3 + + + 26.92 Polibetta-2 – – – 0
Polibetta-4 + + + 26.43 Sakleshpur-1 – – – 37.58
Sakleshpur-1 – – – 0 Sakleshpur-2 – + + 31.14
Sakleshpur-2 + + + 24.68 Sakleshpur-3 + + + 25.01
Sakleshpur-3 + + + 26.33 Siddapura-1 – – – 39.29
Siddapura-1 – – – 39.54 Siddapura-2 – – – 0
Siddapura-2 + + + 25.92 Somavarapete-1 – + + 30.41
Siddapura-3 + + + 25.64 Somavarapete-2 – – – 37.73
Somavarapete-1 – – – 38.54
Somavarapete-2 – – – 0
Somavarapete-3 + + + 24.65
Mandarin trees (C. reticulate) Lemon trees (C. × limon)
Ammati-1 – – + 33.86 Ammati-1 – – + 35.06
Ammati-2 – – – 0 Ammati-2 + + + 26.88
Ammati-3 + + + 25.48 Chikmagalur-1 – – – 0
Chikmagalur-1 – – – 39.03 Chikmagalur-2 – – – 39.88
Chikmagalur-2 – + + 32.16 Chikmagalur-3 + + + 24.36
Hassan-1 – – – 0 Hassan-1 – + + 29.45
Hassan-2 – + + 29.48 Hassan-2 – – – 0
Hassan-3 + + + 25.94 Hassan-3 + + + 24.58
Gonikoppal-1 – – + 35.62 Gonikoppal-1 – – + 33.67
Gonikoppal-2 – – – 37.56 Gonikoppal-2 – + + 31.29
Gonikoppal-3 + + + 24.67 Polibetta-1 – + + 30.34
Polibetta-1 – + + 28.39 Polibetta-2 – – – 37.45
Polibetta-2 – – + 34.83 Sakleshpur-1 – – – 38.54
Polibetta-3 – – + 35.92 Sakleshpur-2 – – – 37.15
Sakleshpur-1 – – – 0 Sakleshpur-3 – – – 0
Sakleshpur-2 – – + 33.54 Siddapura-1 – – – 0
Sakleshpur-3 + + + 26.88 Siddapura-2 – + + 30.73
Siddapura-1 – + + 28.54 Siddapura-3 – – – 0
Siddapura-2 – – – 37.57 Somavarapete-1 – – – 38.38
Siddapura-3 + + + 27.09 Somavarapete-2 – – – 0
Somavarapete-1 – – + 34.67
Somavarapete-2 + + + 25.32
